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to be paired by a true cock ostrich. This particular ostrich 
was a hen, although she had every appearance of being a cock. 
What explanation could you give as regards this incongruity ? 

“{3) About six months ago I found a peculiar bird’s nest 
suspended from the root of a mimosa tree which overlapped 
a bank of ground. Before going further, 1 must first tell you 
that previous to the occasion in question I noticed the same 
peculiar form of nest, but it seemed so utterly impossible at 
the time that it could be a nest, since its structure and mode 
of suspension had the exact characteristics of a certain 
structural spider’s web, that I passed it by. But on the second 
occasion, to make absolutely sure that I had not made a mistake, 
T went up and cut the nest off, with a certain length of the root 
to which it was attached. Imagine my surprise, when I 
saw that it was really a bird’s nest with two eggs.^ Now this 
nest was a perfect facsimile of a common spider's web and 
home, found in the locality where I was at the time staying, 

“Since it was a marvellous imitation of an insect’s habitat, 
there must have been some corresponding necessity for such 
imitation. Either the nest must have been designed and con¬ 
structed, so as to delude enemies by which the species was 
liable to be attacked, or, it was so imitated, that the materials of 
which the nest was made should serve as a bait, and allow the 
parent birds to be able to feed their young without the necessity 
of having to leave the nest, and so be unable to protect their 
young for the time being. The materials from which the nest 
was made were practically webs abandoned by their original 
owners. It was an instance of perfect imitation.” 


Astronomical Photography. 

The announcement (Nature, August 10), that it is in con¬ 
templation to raise a sum exceeding ^2000 for the establish¬ 
ment of a special photographic telescope at the Cambridge 
Observatory, leads me to ask whether astronomers have duly 
considered the facilities afforded by modern photography. At the 
time of my eirly experience of the art, thirty-five years ago, it 
would have been thought a great feat to photograph the Fraun¬ 
hofer lines in the yellow or red regions of the spectrum, although 
even then the statement so commonly made that chemical acti¬ 
vity was limited to the blue and ultra-blue rays was quite un¬ 
warranted. With the earlier photographic processes the distinc¬ 
tion was necessary between telescopes to be used with the eye or 
for photography. In the former case the focal length had to be 
a minimum for the yell >w rays, in the latter for the blue rays of 
the spectrum. 

But the situation is entirely changed. There is now no diffi¬ 
culty in preparing plates sensitive to all parts of the spectrum, 
witness the beautiful photographs of Rowland and Higgs. I 
have myself used “ orthochromatic ” plates in experiments when 
it was desirable to work with the same rays as most influence the 
eye. The interference bands of sodium light may be photo¬ 
graphed with the utmost facility on plates sensitised in a bath 
containing cyanin. 

The question that I wish to ask is whether the time has not 
come to accommodate the photographic plates to the telescopes, 
rather than the telescopes to the plates. It is possible that 
plates already in the market may not exactly meet the require¬ 
ments of the case, but I feel sure that a tithe of the sums lavished 
upon instruments would put us in possession of plates suitable 
for object glasses that have been designed for visual purposes. 
There would be no difficulty even in studying the requirements 
of a particular instrument, over or under corrected as the case 
might be. 

A doubt may arise whether plates so adjusted would be 
as sensitive as those now in use. Probably Captain Abney, or 
some other authority, could give the required information. For 
some astronomical purposes a moderate loss of sensitiveness 
could hardly be of much consequence ; for others doubtless it 
would be a serious matter. Rayleigh. 

Terling Place, Witham, August 15. 


The Discussion on Quaternions. 

I have followed with much interest the discussion on 
quaternions which has with more or less intermission been 
going on in Nature for a long time. 

It has always appeared to me that the student of physical 
science would better employ his time by studying the “ Ausdeh- 

NO. I243, VOL. 48] 


nungslehre” to which some of your correspondents have refei red 
than by studying quaternions. 

The wonderful work of Grassman is contained in a moderate¬ 
sized book in remarkable contrast to the two terrific volumes of 
Hamilton, which even Profi Tait admits that he lias not read 
entirely. The fact that the amdthnungslehre could be mastered 
in a mere fraction of the lime that would have to be devoted 
to the mastery of quaternions, is not however theimj oitant 
point. 

The ausdehnungslehre seems to afford a symbolism more fitted 
for the expression of many recondite conceptions in physics, 
than anything which quaternions has to offer. Even the 
“ Nabla ” does not insinuate itself into Nature’s secrets more 
cunningly than does the “Inneres Produkt,” 

Perhaps I may give an instance, which if elementary will at 
all events illustrate the extraordinary 'directness with which the 
different kinds of “product” reach the heart of a physical 
conception. 

Think of a mechanical system of any kind which possesses 
buta single degree of freedom, think of any system of forces what¬ 
ever applied to that system, and consider the question of equili¬ 
brium. The possible movements of the system loim twists about 
one screw chain, the system of forces form a w rench upon another 
screw chain. Equilibrium will subsist if, and only if, the 
“Inneres Produkt ” of the two screw chains is zero. Suppose 
any system whatever possessing n degrees of fieedom. Dynamics 
teaches that mutually destructive twist velocities can be im¬ 
parted to any n + 1 screw chains about which the system can 
twist. Does any conceivable symbolism assign tl ose twist 
velocities moie beautifully than the ausdebnungdehre ? Each 
twist velocity is the “ Kombinatorisches Produkt” of all tie 
screw chains to which it does not cone^pond. 

The aptitude of other conceptions of this grand calculus for 
physical problems could be as readily exemplified. But I for¬ 
bear. Why has not some one ere this translated into English 
“ Die Ausdehnungslehre von Hermann Grassman ” 8vo, pp. 388, 
Berlin 1S62? RobertS. Ball. 

Observatory, Cambridge, August 18. 

A Curious Optical Phenomenon. 

Dr. Lauder Brunton has asked me to give you an account 
of a very curious phenomenon witnessed from the top of 
Gausta mountain (height 6000 Norwegian feet) in Telemarker), 
south of Norway. 

We were a party of two ladies and three gentlemen on the 
summit of this mountain on August 4. 

On the morning of that day the sky was passably clear ; at 
noon there was a thick fog. Between six and seven o’clock in 
the afternoon (the wind being south to south-west) the fog 
suddenly cleared in places so that we could see the surrounding 
country in sunshine through the rifts. We mounted to the 
flagstaff in order to obtain a better view of the scenery, and 
there we at once observed in the fog, in an easterly direction, a 
double rainbow forming a complete circle and seeming to be 
20 to 30 feet distant from us. In the middle of this we all 
appeared as black, erect, and nearly life-size silhouettes. The 
outlines of the silhouettes w ere so sharp that we could easily 
recognise the figures of each other, and every movement was re- 
I produced. The head of each individual appeared to occupy the 
centre of the circle, and each of us seemed to be standing on the 
inner periphery of the rainbow. We estimated the inner radius 
of the circle to be 6 feet. 

This phenomenon lasted several minutes, disappearing vt ith 
the fogbank, to be reproduced in new fog three or four time?, 
but each time more indistinctly. 

The sunshine during the phenomenon seemed to its to be 
unusually bright. 

Mr. Kielland-Torkildsen, president of the Telematken 
Touiist Club, writes to me that the builder of the hut on the 
top of Gausta has twice seen spectacles ol this kind, but in each 
case it was only the outline oi the mountain that was reflected 
on the fog. He had never seen his own image, and. he does not 
mention circular or other rainbows. A. WlLLE. 

Christiania, August 15, 

Supposed Suicide of a Rattlesnake. 

The letter of Mr. E. S. Holden, of the Lick Observatory, 
in your issue for August 10, describing how a rattlesnake struek 
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its fangs into itself, when confined in a gallon jar containing 
water, which was inverted at intervals in order to drown it, 
is open to question as to its conclusion that it was a case of 
“deliberate suicide,” for the following reasons :— 

(1) That it was after “ the snake ceased any attempt to rise 
to the surface of the water in the jar,” that the blow was 
struck. The snake then being wholly beneath the water, 
would die from drowning, and not from the self-inflicted 
wounds caused by its poisoned fangs. 

(2) That it has been proved by experiment by Dr. Weir 
Mitchell that the venom of the rattlesnake is of no effect upon 
itself, when introduced into any wound in its body. I speak 
from memory of an article which appeared in the Atlantic 
Monthly some few years ago. That self-insertion of the poison 
would make any difference is not likely. 

Drowning (by the act of others) and not self-poisoning (or 
suicide) I take to be the cause of death in the case described. 

Halifax, August 15. W. H. Wood. 


Numerous Insects Washed up by the Sea. 

The phenomenon referred to under the above heading in 
your issue of August 17 may be in part accounted for by the 
fact, that on August 7 > at many spots in the neighbourhood of 
Godaiming (S. W. Surrey), the air was thick for several hours 
with swarms of winged ants. The direction of the wind was 
from the north-west, force moderate. Assuming the like to have 
taken place at other places, it is quite possible that large num¬ 
bers of ants may have been carried out to sea and drowned from 
this region of Surrey and Hampshire. 

Hunstanton, August 19. Oswald H. Latter. 


THE FUNGUS GARDENS OF CERTAIN SOUTH 
AMERICAN ANTS. 

NE of the most interesting papers that has appeared 
during the present year, whether considered from 
the point of view of general biology or of mycology, is 
that which has recently been published by Herr Alfred 
Moller, nephew of Dr. Fritz Muller. 1 The work was 
carried out at Blumenau during the years 1890-92, and 
presents a clear and thorough investigation into the 
habits of the leaf-cutting ants and their remarkable 
custom of cultivating and feeding upon certain fungi. 
The work is introduced by a quotation from Thos. Belt’s 
“ Naturalist in Nicaragua,” where the author, speaking 
of the leaf-cutting ants, states : “ I believe .... that 
they are in reality mushroom growers and eaters.” This 
statement Moller fully proves in the work before us. The 
first portion, forming the bulk of the work, is given up 
to the consideration of the fungus gardens of the leaf¬ 
cutting ants, and is divided into ten sections. 

I. The species of the leaf-cuttitig ants and their activity 
outside of the nest. —Belt’s description 2 of the Nicar¬ 
aguan ants is quoted, and the differences between them 
and those of Blumenau are pointed out. The chief point 
of difference is that the latter form very narrow streets, 
travelling oniy in single file, and that their nests occur 
both in the forest and in the open. The commonest 
species is Atta ( Acromyrmex ) discigera , Mayr, whose j 
workers are never more than 6'5 mm. long. Almost as j 
common is A. hystrix, Latr., whose workers reach a i 
length of 9 mm. Rarer than these are A. coronata, 
Fabr., and a doubtful form, which Moller terms Atta IV. 

A minute description is given of a street of A. disci¬ 
gera, which was 26 metres long and about I 5 cm. wide 
and high, roofed in in parts wherever possible. It led 
to a number of small Cupheas, whose leaves the ants 
were cutting. In the street could be seen a procession 
of loaded ants going towards the nest, and others empty- 
handed, going in the opposite direction. Some of the 
large workers run up and down the road unloaded, and 

1 ;‘D>e Pilzgarten einiger siidamerikanischer Ameisen.” Heft 6 of 
Schimper*s “ B jtanische Mittheilungenaus den Tropen.'* (Jena: G. Fischer, 
1893.) 

z “ Naturalist in Nicaragua,” p. 71. 
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act as road-menders if any accident happens to a part of 
the track. Other very small workers, which do not cut 
leaves, may also be seen carried upon the backs or even 
upon the loads of the actual leaf-cutters. An ant carry¬ 
ing a peculiarly shaped piece of leaf was watched from 
end to end of the track, and travelled the 26 m. in 70 
minutes. The load was twice as heavy as itself. 

The other species of the Atta have very similar streets. 
A. hystrix appears to work only at night. 

The jaws of the ants are very strong, with serrated 
edges, and clash together laterally. The ant begins at 
the edge of a leaf, and cuts out a piece in about five 
minutes, revolving on one of its hind legs as a centre. 
When the piece is almost freed, the ant goes on to the 
main portion of the leaf, cuts through the last piece 
uniting it with the severed portion, drags up the latter, 
balances it on edge between its forelegs, and then, grasp¬ 
ing it with its jaws, iifts it up above its head, so that the 
centre of gravity of the load is above the ant itself. It 
then marches off, down the stem, to the base, over the 
ground to the end of the street, and along this to the 
nest, travelling at a very uniform speed, and never letting 
go its load. The weight thus carried was found, on an 
average, to be twice that of the ant; but many were 
found carrying heavier loads, even as much as ten times 
their own weight! A street of A. coronata was watched 
for fifteen minutes, during which time 217 ants passed, 
carrying 3 grammes of leaves. 

2. The Nests of the Ants , and the Fungus Gardens .— 
The nests of A. hystrix and A. discigera are usually below 
the surface of the soil, but covered, wherever necessary, 
with a thick mass of withered pieces of leaves and twigs, 
&c. They may be as much as ij metres in diameter. 
In the nests of all four species there is found, filling up 
the interior, a curious grey spongy mass, full of chambers, 
like a coarse sponge, in which the ants may be seen 
running about, and in which, here and there, occur eggs, 
larvae, and pupae. This is the fungus garden, termed by 
Belt “ ant-food.” It is separated from the roof and 
lateral walls of the nest by a clear space. The walls 
and roof are much thicker in winter than in summer ; 
one nest examined had a roof 25 cm. thick and wall 
40 cm. Photographs are given in the original paper, 
showing the appearance of the mushroom garden. 

3. Investigation of the Gardens. The Kohl-rabi 
clumps. —The garden consists of two parts, differently 
coloured, but not very sharply marked off from one 
another. The older part is yellowish-red in colour ; the 
newly-built portions, forming the surface of the garden, 
are of a biue-black colour. It is this part which is of 
the greater importance to the ants. 

The garden is found, on examination, to consist of an 
immense conglomeration of small round particles of not 
more than '5 mm. in diameter, of a dark green colour 
when quite fresh, then blue-black, and finally yellowish- 
red. They are penetrated by, and enveloped in, white 
fungus hyphae, which hold tire particles together. These 
hyphae are similar throughout the nest. 

Strewn thickly upon the surface of the garden are seen 
round white bodies about "25 mm. in diameter; they 
always occur in the nests, except in the very young portion 
of the gardens. They consist of aggregations of peculiar 
swollen hyphte, and are termed by Moller the “ Kohl-rabi 
clumps.” The hyphae swell out at the ends into large 
spherical thickenings, about 10-24 P in diameter (the 
ordinary hyphae are 5-8 p thick), filled with richly vacuo¬ 
lated protoplasm like the ordinary hyphae. These clumps 
of“ Kohl-rabi” are only found on the surface of the garden, 
and form the principal food of the ants. A microscopic 
examination of the particles of which the garden is com¬ 
posed shows that they contain remains of leaves ; bits of 
epidermis, stomata, spiral vessels, &c., occur in them. 

4. The Importance of the Garden to the Ants. —If a nest 
i be broken into and the garden scattered the ants collect 
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